Abstract:The synthesis of tetraaminopropylamid substituted phthalocyanines was targeted to prepare enhanced soluble phthalocyanines in common solvents from hydrophobic to hydrophilic that bore nonionic groups on their periphery.
Introduction
Phthalocyanine derivatives (Pcs) are currently of great interest due to their chemical and physical properties as well as their various applications in recent years.
1 They have been employed in various technological applications such as in photo-conversion readwrite compact discs, non-linear optics, liquid crystals, dye-sensitized solar cells, oxidation or reduction catalysts, nanotechnology, medicine, and photosensitizers for photodynamic therapy (PDT). 2−13 These applications exploit the unique optical properties, and high thermal and chemical stabilities of Pcs. 14 UV-Vis and fluorescent spectroscopies were used in the characterization of the excited states of Pcs and their analogs. Pcs are known for their characteristic B and Q bands, which are observed at 300-400 nm and 600-700 nm in UV-Vis spectra, respectively.
15
Amino Pcs bearing corresponding reactive amino groups as substituents are desired compounds due to their improved solubility. Derivatization from the reactive amino functionalities makes them important intermediates and convenient photosensitizers for PDT having the ability of strong interaction or bonding with the corresponding biological molecules. Additionally, introduction of amino groups increases the water solubility of Pc macrocycles when they are quaternized. Therefore, there have been considerable efforts to synthesize such compounds that include amino groups. 16, 17 Fashina et al. have described the process of interaction of silica nanoparticles (containing amino groups) with zinc phthalocyanine (ZnPc) complexes in their recent studies. 18 Many methods have been reported to convert tertiary amine compounds to zwitterionic or cationic moi- * Correspondence: szy@sakarya.edu.tr eties by using 1,3-propanesultone, 2-(phenylsulfonyl)-3-phenyloxaziridine, hydrogen peroxide, meta chloroperbenzoic acid, methyl iodide, etc.
19−24 Brault et al. investigated zwitterionic carboxybetaine polymer (pCB)
coated substrates as an array surface platform for the sensitive detection of target analytes from undiluted human blood plasma. 25 Sulfobetaine and betaine type zwitterionic derivatives, having in general quaternized alkyl amine moieties, have been studied intensively for reducing nonspecific protein and surface chemistry.
26
Amidoamine and imidazoline derivatives are suggested as exhibiting an outstanding combination of surfactant characteristics. They are also well tolerated by human tissue and exhibit exceptionally low ocular irritation and oral toxicity. 27−29 Amides and amidoamines of fatty acids and polyamines also have extremely good oil solubility, and so these products are used as typical corrosion inhibitors in high dosage despite their poor biodegradability. 30 Polyamines play an important biological role in cell growth and bind to phosphate residues of DNA, stabilizing the specific conformation of the latter as well. 31 Ç amur et al. have reported that indium (III) phthalocyanines strongly bind to blood plasma proteins such as bovine serum albumin (BSA). They have presented a spectroscopic investigation of the binding of the water-soluble quaternized ionic and zwitterionic gallium (III) and indium (III) Pc complexes to BSA.
32
The synthesis of novel tetra aminopropylamid substituted phthalocyanines, which can stimulate new discussions about their biochemical role in the organism, is exhibited in this work. For the applications of micellar media, interaction with blood plasma proteins and drug delivery on the other hand might be targets for their betaine or sulfobetaine derivatives.
Results and discussion

Syntheses and characterization
As shown in the Scheme, the synthetic procedures started with the synthesis of a 2-hydroxyethyl-3-morpholinpropylcarbamate (1) by the reaction of 4-(3-aminopropyl) morpholine and ethylene carbonate in approximately 2 days at room temperature. The yield was 73% and the formation of 1 was confirmed by the combination of IR, NMR, elemental analysis, and MS spectroscopic data. The IR spectrum of compound 1 indicated that the aliphatic O-H peak, the N-H peak belonging to the amide group, and the carbonyl peaks of amide and COO groups are at 3439, 3324, 1693, and 1256 cm −1 respectively. The 1 H NMR spectrum of 1 indicated that the N-H proton attached to heteroatom at δ : 6.03 ppm (s, 1H), and O-H proton at δ : 4.54 ppm (s, 1H).
The 8 peaks in the 13 C NMR spectrum, elemental analysis, and mass spectra results supported the proposed structure as well. Compound 2 was obtained by aromatic substitution reaction of 2-hydroxyethyl -3-morpholinpropyl-carbamate (1) and 4-nitrophthalonitrile using K 2 CO 3 in DMSO with stirring at room temperature under argon atmosphere for 3 days. The pure product was achieved in crystalline form in 53.4% yield and its melting point was 146
• C. The formation of 2 was confirmed by the combination of spectroscopic data. In the FT-IR of the prepared metal-free phthalocyanine (3) was recorded in DMSO-d 6 solution and the corresponding peaks were observed as multiplets at 8.03-6.99 ppm for the aromatic proton of the phthalocyanine ring and amide NH protons due to the geometric isomer formation. The total integration values of these protons for both groups were determined as 16H. The other aliphatic protons belonging to substituted groups were observed at their respective regions and supported the proposed structure. The inner protons of the H 2 Pc ring were not observed clearly below 0 ppm as indicated in the literature.
In the UV-VIS spectrum of H 2 Pc ( H2Pc (3) ZnPc (4) CuPc (5) CoPc ( Complexes 4-6 were synthesized by applying the same method described for complex 3 except the metal salts used and time: ZnCl 2 , 7 h; CuCl 2 , 7 h; and Co(AcO) 2 , 7 h for 4, 5, and 6, respectively. The formation of The UV-Vis spectra of the phthalocyanine complexes exhibit characteristic B and Q bands at around 300-400 nm and 600-700 nm, respectively ( Figure 1 ). The ground state electronic spectra of the studied tetra-substituted metallophthalocyanines showed characteristic absorptions in the B band region at 356 nm for compound 4, 353 nm for compound 5, and 342 nm for compound 6 in DMSO. The absorptions of these complexes were also observed at 682 nm, 682 nm, and 680 nm as main Q bands, respectively.
In the mass spectrum of metallophthalocyanines, the presence of molecular ion peaks at m/z = 1498
and 1493 [M]
+ confirmed the proposed structures of ZnPc (4), CuPc (5), and CoPc (6),
respectively. The elemental analysis results supported the proposal structures of 4, 5, and 6.
Solubility and aggregation properties
The solubility behavior of the H 2 Pc (3) and metallophthalocyanine complexes 4, 5, and 6 was investigated in DCM, THF, EtOH, MeOH, DMF, DMSO, and water, which were ordered from nonpolar to polar. The synthesized phthalocyanines showed good solubility in DMSO (Figure 1 ). The Lambert-Beer law was obeyed for compounds 3 and 4 at the studied concentration range (1 × 10 −5 -1 × 10 −6 M) as well.
Ç OLAK and YILDIZ/Turk J Chem Aggregation of phthalocyanines in solutions is dependent on the solvent, concentration, temperature, substituents linked to the main core, and complexed metal ion. 23 The aggregation behavior of the H 2 Pc (3) and ZnPc (4) was investigated to characterize all the prepared complexes. The aggregation studies were performed in different solvents and concentrations in DMF. Figures 2a and 2b show example UV-Vis spectra of the mentioned Pcs 3 and 4 in different solvents, respectively. H 2 Pc (3) and ZnPc (4) both exhibited the lowest aggregation in DMF. However, H 2 Pc showed high aggregation in DCM and EtOH as judged by a blue shift of the Q band, and it was not soluble in methanol. ZnPc was soluble in MeOH and showed the highest aggregation when it was compared with the other solvents. In the UV-Vis spectra of the Pcs, B bands are not affected by the aggregation of the molecules and the absorption values increase regularly with the increase in concentrations. However, Q bands in the spectra, which are affected by concentration of the solutions and the aggregation properties on the dissolved molecules, do not rise diagonally with the increase in concentration as occurs in the B bands. There are some definitions in the literature as aggregation number 33, 34 to determine the ratio of monomer concentration to the concentrations of other species such as dimers and trimers. To be able to obtain a mathematical value by the elimination of the concentrations to show the aggregation properties solely, the recorded maximum absorption values of these 2 bands can be divided. The ratio of these B and Q bands at maximum absorbance gives a value that can be named aggregation value. The aggregation value can be calculated from Eq. (1). 
Solubility in water
The solubility of H 2 Pc and ZnPc in water was examined in their critical solutions, which characterized their maximum aggregated situation before the precipitation. The critical solutions of H 2 Pc and ZnPc were prepared as 10 mL, 1 × 10 −4 M by dissolving DMSO (2 mL) and adding water. Then the stock solution was diluted to 1 × 10 −6 M by adding a solvent mixture of DMSO/water (1/4). DMSO was chosen as one of the good solvents to satisfy the desired critical solution. Moreover, 1 × 10 −2 M HCl solution was added in 10-µ L intervals to 10 mL of the H 2 Pc and ZnPc solutions to fulfill equal mol ratio of the substituted tertiary amines. They showed a blue-shifted band at 604 nm for H 2 Pc and 634 nm for ZnPc because of aggregation (Figures 6a and 6b ) and insufficient solubility increments in water via quaternization of the tertiary amine substituents (Figures 7a and   7b ). (Figures 8 and 9) . However, the water solubility of ZnPc increased with the addition of HCl via quaternizing of the bearing tertiary amines groups on the substituents when the pH 3.61 HCl solution was used (Figure 10 ). In conclusion, tetra aminopropylamid substituted phthalocyanines were synthesized as soluble nonionic modified species and characterized by UV-Vis, FT-IR, and mass spectroscopies. The effects of solvent (DMF, DMSO, THF, EtOH) and concentration (in DMF) on the aggregation properties of these tetra aminopropylamid substituted phthalocyanines (H 2 Pc, ZnPc) were investigated. Aggregation value (A v ) has been described as the function of ratio of B to Q bands. From the A v results aggregation tendencies can be ordered as EtOH > DCM > THF > DMSO > DMF for H 2 Pc and MeOH > EtOH > DCM > DMSO > THF > DMF for ZnPc.
Experimental
Materials and characterization techniques
All reagents and solvents obtained from commercial suppliers were reagent grade quality. Dimethyl sulfoxide (DMSO), N,N-dimethylformamide (DMF), dichloromethane (DCM), chloroform (CHCl 3 ), tetrahydrofuran (THF), methanol (MeOH), ethanol (EtOH), 1-pentanol, n-hexane, and acetonitrile were purchased from Merck; 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), potassium carbonate (K 2 CO 3 ) , lithium chloride, zinc chloride, copper chloride, and cobalt acetate were purchased from Aldrich. Solvents were dried via an A3 molecular sieve and stored in the presence of it. 4-Nitro phthalonitrile was prepared according to the literature procedure.
35
All reactions were carried out under argon atmosphere, using the standard Schlenk technique. Thin-layer chromatography (TLC) was performed using silica gel 60 HF 254 as an adsorbent. Melting point (mp) was determined using a Barnstead-Electrothermal 9200 apparatus. Electronic spectra were recorded on a Shimadzu UV-2600 spectrophotometer using a 1-cm quartz cell. Infrared spectra were recorded on a PerkinElmer Spectrum-Two FT-IR (ATR sampling accessory) spectrophotometer. 
4-(2-Ethoxy-3-morpholinpropylcabamate)phthalonitrile (2)
A mixture of 2-hydroxyethyl-3-morpholinpropylcarbamate (1) A mixture of 2 (0.30 g, 0.8 mmol), anhydrous lithium chloride (0.17 g, 0.4 mmol), and DBU (0.11 mL, 0.75 mmol) in 1-pentanol (6 mL) was stirred at 135
• C for 24 h under argon atmosphere. After completion of the reaction, the mixture was precipitated with water (15 mL) and the crude product was collected by centrifuge.
The green product was purified by dissolving in methanol and re-precipitating several times with a MeOH/water
(1/1) mixture. The green solid product was washed successively with n-hexane, acetonitrile, diethyl ether, and water, and then dried under vacuum over P 
